and Zajac, 1998). In mammals, the nonopioid receptor(s) sustained currents during acidification. The effects for FMRFamide and related peptides has not been idenwere specific; different channels showed distinct retified, and it is not known how these peptides modulate sponses to the various peptides. These results sugpain sensation. However, the discovery of a FMRFamidegest that acid-sensing ion channels may integrate sient and sustained Na ϩ currents in cultured sensory
Results

FMRFamide Modulates Proton-Gated Current not mimic it (Figure 1C). These results suggested that in Rat DRG Neurons
FMRFamide was not acting through opioid receptors to We used whole-cell patch-clamp recordings to investialter current. gate the effect of FMRFamide on proton-gated currents We also tested the mammalian FMRFamide-like neuin cultured rat DRG neurons. As previously reported ropeptide FF. Neuropeptide FF modulated currents in a (Krishtal and Pidoplichko, 1981; Akaike et al., 1990; Komanner similar to that of FMRFamide; it generated no valchuk Yu et al., 1990; Akaike and Ueno, 1994), acidificurrent on its own, but it altered inactivation of protoncation to pH 5 produced rapidly activating and inactivatgated DRG currents ( Figure 1D ). The effects, however, ing currents in the sensory neurons ( Figures 1A-1D) .
were smaller than those generated by FMRFamide (FigFMRFamide added alone generated no response from ure 1D). any of the neurons tested. However, after FMRFamide addition (50-100 M), the inactivation of proton-dependent currents slowed, and in many neurons there was Effect of FMRFamide on Acid-Sensing Ion Channels Members of the DEG/ENaC family are thought to be at a sustained current in the continued presence of acid ( Figures 1A and 1B) . The presence of the neuropeptide least partially responsible for the acid-gated currents in the DRG. This notion is based on the findings that immediately before acidification also altered inactivation ( Figures 1C and 1D) ; we examine this further below.
H ϩ -gated currents from DRG and DEG/ENaC channels, although not identical, share similar pH sensitivity, ion Some effects of FMRFamide are thought to be mediated through activation of opiate receptors (Raffa, 1988 (Figure 1B) , and morphine did channels may be responsible, at least in part, for protongated currents in neurons. For further studies, we focused on ASIC␣ since it has been the most extensively studied, it is localized in nociceptive neurons of the DRG (Olson et al., 1998) , and it produced a stable sustained current with FMRFamide addition.
We also tested the effect of FMRFamide on ASIC␣ in excised, outside-out patches from HEK293T cells. brates did not alter ASIC␣ currents in the presence (Figure 6) or absence of acid. FMRF-OH did not induce a Properties of the Current Generated by pH response, indicating that the C-terminal amide is reand FMRFamide quired. These results are similar to the neuropeptide FMRFamide concentrations around 1 M induced despecificity observed for FaNaCh, which has been retectable sustained currents in cells expressing ASIC␣ ported to respond only to FMRFamide and FLRFamide ( Figure 5A ). Maximal levels of sustained current were (Cottrell, 1997). We tested morphine to determine achieved at ‫052ف‬ M FMRFamide. The FMRFamide whether it could induce a sustained current and naloxconcentration that induced half-maximal sustained curone to see if it blocked FMRFamide-induced sustained rents was ‫33ف‬ M. This concentration is higher than that reported for FaNaCh (2 M) (Lingueglia et al., 1995) . current in Xenopus oocytes. Consistent with our results 
Neuropeptide FF Potentiates DRASIC Current
Differential modulation of the various acid-sensing ion channels by different peptides, and our finding that neuropeptide FF modulated DRG currents, suggested that we should test this mammalian neuropeptide on all of the acid-sensing channels. Figure 8A shows that adding neuropeptide FF prior to acidification slowed the inacti- peptides to induce sustained currents suggests that transfected cells were identified using epifluorescence microscopy. Cells were studied 1-2 days after transfection.
such peptides and the acid-gated channels play a role Electrophysiological Analysis
